Ecophylogenetics can be viewed as an emerging fusion of ecology, biogeography and macroevolution. This new and fastgrowing field is promoting the incorporation of evolution and historical contingencies into the ecological research agenda through the widespread use of phylogenetic data. Including phylogeny into ecological thinking represents an opportunity for biologists from different fields to collaborate and has provided promising avenues of research in both theoretical and empirical ecology, towards a better understanding of the assembly of communities, the functioning of ecosystems and their responses to environmental changes. The time is ripe to assess critically the extent to which the integration of phylogeny into these different fields of ecology has delivered on its promise. Here we review how phylogenetic information has been used to identify better the key components of species interactions with their biotic and abiotic environments, to determine the relationships between diversity and ecosystem functioning and ultimately to establish good management practices to protect overall biodiversity in the face of global change. We evaluate the relevance of information provided by phylogenies to ecologists, highlighting current potential weaknesses and needs for future developments. We suggest
I. INTRODUCTION
Species distributions are shaped by the interplay between evolutionary and ecological processes (Ricklefs, 1987) . To date however, these processes have been studied primarily in isolation, and have yet to be tightly integrated. Evolution is largely concerned with the emergence of biological diversity (e.g. diversification of species traits during adaptive radiations (Schluter, 2000) whereas ecology usually takes this diversity for granted and is concerned by its interaction with the environment (e.g. how a given species trait distribution affects community properties (McGill et al., 2006) ). Furthermore, macro-evolutionary processes are mainly described against the backdrop of large-scale climatic or geological events, whereas ecological processes are generally interpreted at small temporal and spatial scales assuming that evolutionary processes can be ignored. Attempts to reconcile these disciplines began in the 1960s in the field of evolutionary ecology (Hutchinson, 1965) , focusing especially on the role of competition in explaining local species persistence (Diamond, 1975) and character displacement in populations (Hutchinson, 1959) . Increasing evidence has shown that evolutionary background and large-scale processes, such as dispersal and colonization, are fundamental in shaping local communities (Leibold et al., 2004; Graham & Fine, 2008) . As an integrative research program, evolutionary ecology has become a fertile scientific ground, especially as understanding the impact of climate change and current threats on biodiversity call requires a joint understanding of evolutionary dynamics and community ecology (Fussmann, Loreau & Abrams, 2007; Johnson & Stinchcombe, 2007; Lavergne et al., 2010; Vellend, 2010) . There have been two main approaches for integrating evolutionary thinking into ecology. The first level decouples ecological and evolutionary processes, assuming that community structure depends on relatively recent ecological phenomena acting according to species traits while species traits are the output of long-term evolutionary processes; hence ecological and evolutionary processes are assumed to be essentially independent. The key questions addressed refer to ecological processes structuring communities, not evolutionary processes; interest in evolution is limited to the resulting pattern of phylogenetic signal (Webb et al., 2002) . A second level of integration considers the long-term interactions between ecological and evolutionary processes where evolution of species traits is seen as an outcome of selection pressures due to ecological processes (e.g. Schluter, 2000; Rundle & Nosil, 2005) . This approach emphasizes the interplay between ecological processes and the evolutionary consequences of these processes.
These contrasting approaches are often hard to reconcile because of a lack of conceptual and analytical tools integrating ecological and evolutionary processes but also due to the different temporal and spatial scales involved. A major advance was the development of 'community phylogenetics' which proposed the use of phylogenetic data to assess the likelihood of alternative scenarios of community assembly (Webb et al., 2002; Emerson & Gillespie, 2008; Cavender-Bares et al., 2009) . It was hypothesized that community structure should differ depending on both the ecological mechanisms (e.g. competitive exclusion, environmental filtering) and on the distribution of species characteristics within the phylogeny (evolutionary history). Phylogenetic community ecology has since blossomed (e.g. Fig. 1 ) as extensive phylogenies of important taxonomic groups became available to the broad ecological research community (e.g. Davies et al., 2004; Thuiller et al., 2011) . Phylogenies are now commonly used to reveal community assembly rules (see Section VIII, glossary, for definition) and properties and have also permeated other important fields of ecology forming the basis of a new discipline called 'Ecophylogenetics' (Cadotte, 2009) .
Appealing as this new research program might be, it suffers from its ever-increasing richness while each ecological sub-discipline integrates the phylogenetic information from very different perspectives (Webb et al., 2002; Chave, Chust & Thébaud, 2007; Emerson & Gillespie, 2008; Avise, 2009; Cadotte et al., 2009; Cavender-Bares et al., 2009; Leibold, Economo & Peres-Neto, 2010; Matthews et al., 2011) . There are also still a number of critical assumptions that have been only partly discussed in the recent literature Mayfield & Levine, 2010; . It is now important to assess how the use of phylogenetic information can help ecology to be a more integrative science.
Herein we provide a critical evaluation of the various ways that phylogeny has been used to gain insight in community and ecosystems ecology. We focus on community assembly rules, the structure of network organization and properties, the relationship between diversity and ecosystem functioning, and on conservation biology. For each of these areas, we evaluate how adding an evolutionary hypothesis through the use of a phylogeny has yielded useful insights into ecology, and highlight potential weaknesses and areas for future improvements and developments.
II. FROM PHYLOGENETIC STRUCTURE TO COMMUNITY ASSEMBLY RULES
Revealing the mechanisms that drive community assembly in ecological communities has a long and contentious history in ecology (Diamond & Case, 1986; Chase & Leibold, 2003; Chave, 2004) . A central and controversial issue is to assess which differences between species characteristics (niches), if any, can explain community assembly. Webb and collaborators (Webb, 2000; Webb et al., 2002) proposed that this can be investigated by measuring community phylogenetic structure (see Section VIII, glossary, for definition) and using phylogeny as a proxy for species ecological similarity/dissimilarity (see Section VIII, glossary, for definition). We discuss below the validity of this 'phylogeny-as-a-proxy' hypothesis to capture species trait variation and to reveal community assembly rules.
(1) Measuring and testing community phylogenetic structure
The starting point for the application of this approach is to measure community phylogenetic structure and to compare it to an appropriate null model (see Section VIII, glossary, for definition). Various statistics have been developed to integrate phylogenetic information in community analyses (see for instance Helmus et al., 2007; Hardy, 2008; . Their relative merits rest on the questions they can address and on how well the variation in phylogenetic composition can be analyzed and compared to a null expectation. As in other areas of community ecology, randomization algorithms are used to represent the expected distribution of community phylogenetic structure under a random (null) process of community assembly (Gotelli & Graves, 1996) , and to yield confidence intervals for the observed patterns. The power of the test should also be carefully assessed, using, for instance, simulated data (Hardy, 2008) . Problems can arise when there is structure in the data that is unrelated to the null hypothesis tested. The null hypothesis will then be more easily rejected even though it is true, resulting in an inflation of Type I errors. Appropriate constraints are thus needed to differentiate the influence of phylogenetic relatedness, species abundances and spatial structure on the local community assembly (see  table 2 of Hardy, 2008) .
Alternative randomization procedures that have been proposed in phylogenetic community ecology involve constraining species abundance and randomizing the species' positions in the phylogenetic tree (Cavender-Bares, Keen & Miles, 2006) , or constraining the tree but randomizing species abundances within sites (Gotelli & Entsminger, 2003) . The first approach tests whether the species phylogenetic relatedness within communities differs from the null expectation of phylogenetically randomly distributed ecological traits. A limit of this randomization scheme is that it affects not only the pattern of relatedness between species but also the distribution of their abundances across the phylogeny. Therefore, randomizations of the phylogenetic positions constrained by the species abundances have been proposed (Hardy, 2008) . The second approach fixes the composition of the regional pool, to keep the frequency of occurrence pattern due to environmental filtering in the regional pool constant, and tests which species from this pool are present in local communities in relation to local environmental filters. Because the phylogeny is fixed, the null model then helps to address whether, given the evolutionary history of the taxa in the region, the phylogenetic relatedness has influenced species assembly in local communities. But any geographic pattern in the distribution of species would also be changed by the randomization scheme, and thus further spatial constraints should be applied to the randomization scheme (Hardy, 2008) .
In a broader perspective, ecological processes act over a range of spatial and temporal scales and require analyzing and testing the variation in community phylogenetic structure across scales (Emerson & Gillespie, 2008) . One option (implemented for instance in Spacodi software Eastman, Paine & Hardy, 2011) is to consider the variation across clades and at different depths of the phylogenetic tree using nested null models (Cavender-Bares et al., 2006; Losos et al., 2006; Ollier, Couteron & Chessel, 2006; Hardy & Senterre, 2007; Pavoine, Love & Bonsall, 2009; Pavoine, Baguette & Bonsall, 2010) . Similar techniques may be used to partition spatial phylogenetic diversity, using geographical distances or classes of habitats (Hardy & Senterre, 2007; Pavoine et al., 2009; Morlon et al., 2011) , and to compare the relative strength of spatial and phylogenetic signals (Freckleton & Jetz, 2009 ).
(2) Phylogeny as a proxy
The hypothesis of Webb and collaborators (Webb, 2000; Webb et al., 2002) of phylogeny as a proxy for species similarity is central to phylogenetic community ecology ). Yet, its use presupposes two implicit assumptions that are rarely tested. First, that the niche of a species can be represented by an abstract trait summarizing the multidimensional combination of ecological traits that affect the fitness of the species at any locality. Second, that phylogenetic distance between species is related to species similarity in this abstract niche trait, with closely related species resembling each other more than distantly related species, i.e. the niche trait shows a phylogenetic signal (see Section VIII, glossary, for definitions of phylogenetic signal and conservatism). This twofold assumption is in principle testable if both a phylogenetic tree and a niche-related measure are available, as is the case for Darwin's finches in the Galapagos islands (Grant & Grant, 1996) or for anolis lizards in the Caribbean islands (Losos, 1990) . Unfortunately a clear link between species traits and ecological niches is rarely available and particular traits are often assumed to delineate species niches with no further empirical support. This limitation leads to a potential circularity in the phylogeny-as-a-proxy approach. Combining experimental and observational studies for a subset of well-studied taxa is now required to identify the fundamental traits that are more likely to influence the species role in the ecosystem or the species use of the environment. Functional ecology is in quest of such integration and advocates that a limited set of fundamental traits can be directly related to the main niche-based processes (Lavorel & Garnier, 2002; McGill et al., 2006) .
The second critical issue is whether similarity in the abstract niche trait is related to phylogenetic relatedness (conservatism). Phylogenetic signal has often been used to investigate trait conservatism (Blomberg, Garland & Ives, 2003; Losos, 2008) leading to its use as an inverse measure of niche conservatism in the community phylogenetic literature . This inference has been controversial (Wiens & Graham, 2005; Losos, 2008 ) and more recent analyses have shown that it is not always warranted (Wiens et al., 2010) . Webb et al. (2002) have related niche conservatism to evolutionary convergence (e.g. see Section VIII, glossary, for definition) but the problem is that a single measure of phylogenetic signal cannot correctly acknowledge situations of evolutionary convergence. The sole use of phylogenetic signal seems to emerge from the misconception that it directly measures evolutionary rates, a view that has been challenged in the recent literature (reviewed by Wiens et al., 2010) . Revell Harmon & Collar (2008) showed that phylogenetic signal is the result of a complex interplay between rates of evolutionary change and the strength of evolutionary constraints so that some conditions (e.g. strong stabilizing selection combined with strong evolutionary constraints) can produce a weak phylogenetic signal even in cases of low evolutionary rates. These results show that evolutionary rate and phylogenetic signal are not necessarily negatively related and that scenarios of trait evolution where species tend to retain ancestral ecological characteristics (usually qualified as phylogenetic niche conservatism) can lead to patterns of weak phylogenetic signal.
Adding to this phylogenetic signal versus niche conservatism debate, ecology has long lacked an operational definition of the niche itself (Hubbell, 2001; Chase & Leibold, 2003) . If niches cannot be thoroughly measured while testing the phylogeny-as-a-proxy assumption, is there any inherent advantage in using phylogenetic information (Kraft, Valencia & Ackerly, 2008 )? Yet, simply ignoring phylogenetic information and resorting only to trait measurements is a perilous strategy, as it is not possible to ascertain if the most relevant traits were identified. A large body of literature has dealt with trying to identify traits that may be of primary relevance in characterizing species niches [e.g. leaf-heightseed scheme (LHS); (Westoby, 1998)] , and some studies have attempted to validate such traits as relevant to characterize species niches descriptors (e.g. for a test of the LHS scheme, see Lavergne, Garnier & Debussche, 2003) . To date however such studies have not yet been sufficiently developed or used over sufficiently broad arrays of organisms to determine how successful this approach may be.
To sidestep the debate on phylogenetic conservatism, a more general perspective for ecophylogenetics could be that the existence of a community phylogenetic structure is informative per se and that the comparison with other ecological information reveals the underlying processes (Hardy, 2008; Mayfield & Levine, 2010; . Within this logic, many evolutionary and ecological forces lead to phylogenetic signal of traits, so that phylogenetic relatedness can be considered an integrative measure of trait similarity between species. The question then becomes whether there is sufficient phylogenetic signal in traits to generate non-random phylogenetic structure of communities, and whether it can be related to community assembly rules . As such, the pattern that may really matter for studies of phylogenetic community ecology is the existence of phylogenetic signal in the persistence of species per se, regardless of its origins and causes. The concept of niche conservatism, on the other hand, implies a process perspective and it should be restricted to studies seeking to understand the evolutionary drivers of niche and lineage diversification.
(3) Relating community patterns to processes
Under the assumption that phylogenetic signal can be informative about species niche similarity, it is possible to make testable predictions on community phylogenetic structure. Environmental filtering and species interactions, especially competition, have been thought to produce specific signatures of phylogenetic clustering or overdispersion, both within and among communities (Webb et al., 2002; Hardy & Senterre, 2007; Cavender-Bares et al., 2009) . Environmental filtering should produce local assemblages with similar abiotic niches, and therefore phylogenetically clustered communities. By contrast, competition should produce assemblages with little niche overlap due to limiting similarity (MacArthur & Levins, 1967) , and hence phylogenetically overdispersed communities.
This basic framework has some limitations, and should be refined to investigate further the effect of several individual traits and various evolutionary processes on phylogenetic community structure (Mayfield & Levine, 2010) . For instance, drought sensitivity of tropical trees was found to increase phylogenetic niche clustering (Engelbrecht et al., 2007) , while sensitivity to disturbances of herbaceous plants was found to increase phylogenetic niche overdispersion (Grime, 2006) . Phylogenetic niche overdispersion can also result from the ability of some lineages to radiate explosively into a wide range of habitat conditions [e.g. the Hawaiian lobeliads (Givnish et al., 2009) and Tetragnatha spiders (Gillespie, 2004) ]. Testing the effect of competition on trait variation is similarly challenging. Competition can either trigger character displacement (Schluter, 2000; Dayan & Simberloff, 2005) and lead to phylogenetic overdispersion, or result in trait convergence and phylogenetic clustering if the trait is related to competitive ability and thus selected for (Mayfield & Levine, 2010) .
Large-scale biogeographic variations will also influence the phylogenetic structure of communities at different scales and should be taken into consideration. Given that local communities are assembled from a regional species pool (Ricklefs, 1987) , non-random phylogenetic structures observed at local scales may also originate from regional-scale processes (Bartish et al., 2010) . Therefore, phylogenetic structure and biogeographical history can be contrasted with separate historical and ecological influences on regional biotas (e.g. McPeek & Brown, 2000) . For instance, Leibold et al. (2010) used phylogenetic information to relate the distribution of daphniid cladocerans and calanoid copepods in a lake metacommunity to environmental filters. They found that daphniids were mainly influenced by environmental filters and not by biogeographic history, whereas the reverse was true for the copepods. Since the species in these two clades coexist in the same set of lake communities, these results suggest that evolutionary-biogeographic processes can strongly and unexpectedly interact with ecological processes.
(4) Perspectives: the need for a general framework
Although using phylogenetic information in community ecology has produced a strong interest within the scientific community ( Fig. 1) , various limitations of the phylogeny-asa-proxy approach remain to be solved. As highlighted above, these limitations are related to: (i) methodological issues in the interpretation of null models against which phylogenetic community structure can be compared; (ii) the challenges of directly relating phylogeny, species traits and ecological niches; and (iii) the interplay between evolutionary and ecological processes at different temporal and spatial scales that may generate similar hypotheses regarding phylogenetic structures. In order to continue progressing in phylogenetic community ecology, future research should concentrate on each of these areas of debate.
Promising developments will come from integrative approaches where phylogenetic structure and other ecological information (e.g. spatial distributions, species traits, spatial scales) are used in conjunction. For example, using phylogenetic, functional and co-occurrence information along an environmental gradient may highlight which traits are important for environmental sorting and at which phylogenetic scale . Therefore, rather than concentrating on whether or not the traits considered are related to species' niches, a more productive avenue may come from identifying traits with strong phylogenetic signal and assessing whether these are related to the environmental drivers proposed. The traits and gradients identified in this way could then be taken as hypotheses to be tested in further experimental studies to understand mechanistically such relationships.
Another promising approach may come from contrasting opposing views on the relative roles of the distribution of abundances, species traits or spatial scales. This could highlight which assumptions are more likely to change conclusions regarding community assembly, at what scales they should be studied, and help to prioritize further data gathering for future research. The design of appropriate metrics and null models is here central, and simulation studies may prove particularly useful to test their statistical power (e.g. Kembel, 2009 ). In simulations, the different community assembly rules and species niches can be manipulated at the same time as the sampling and analytical scenarios (Münkemuller et al., in press; Zurell et al., 2010) . Simulations should also be used to discuss the imprint of evolutionary processes on the phylogenetic signal (Revell et al., 2008) . The constraints to the null models can then be discussed in the light of the constraints hypothesized in the simulations. Going through simulations and applications back and forth will improve inference and discussion of the underlying theory.
Above all, the current limitations stress the need for a general framework including coexistence mechanisms and macroevolutionary dynamics. The initial phylogeny-as-aproxy hypothesis has been useful to trigger a debate and bring together community ecologists with macro-evolutionary biologists, but it was largely based on a set of oversimplified assumptions (Mayfield & Levine, 2010) . Process-based biogeographical models including explicit interaction rules and speciation modes are now needed to study the extent to which phylogenetic information will deliver its promise to shed light on the mechanisms that drive species distributions.
III. NETWORK ORGANISATION AND PROPERTIES
Phylogenetic information can also shed light on complex ecological settings such as trophic, mutualist and host-parasite networks (Montoya, Pimm & Sole, 2006; Ings et al., 2009 ). The study of interaction networks (e.g. see Section VIII, glossary, for definition) has historically focused on understanding their dynamical (e.g. persistence) and structural characteristics (e.g. connectance, modularity, nestedness), ignoring the evolutionary background (Bascompte, 2009) . There is however substantial evidence on the evolutionary dynamics of such interactions (e.g. plant-herbivore, host-parasite, mutualists) and integrating network studies within a phylogenetic framework would be a stride forward.
(1) Evolving network complexity Networks are complex entities, difficult to study mechanistically. As a result, until recently, relatively little work had been done to model how interaction networks emerge through evolutionary processes. Contributing to this difficulty is the tradition of simplifying these networks by lumping phylogenetically unrelated species with those having qualitatively identical interactions into 'tropho-species' (Cohen et al., 1993) .
Among the several phenomenological approaches developed, the niche concept has played a central role. For instance stochastic networks generated under the 'niche model' (Williams & Martinez, 2000) -which predicts trophic interactions based on the assumption that a consumer feeds within a given range of prey body sizes-have structures close to real networks. The 'nested hierarchy model' (Cattin et al., 2004) was the first to introduce evolutionary constraints. It hypothesizes that the rules in the network build-up constrain species to be organized into 'clades' that share similar prey, thus having similar niches. Although based on different processes, both the niche and the nested hierarchy models predict a variety of food-web characteristics such as the proportion of basal species and of omnivores, and food-chain length (Williams & Martinez, 2000; Cattin et al., 2004) .
Mechanistic evolutionarily models were also built on the principles of speciation, extinction and migration (Caldarelli, Higgs & McKane, 1998; Drossel, Higgs & McKane, 2001; McKane, 2004; Loeuille & Loreau, 2005; Rossberg et al., 2005) . By contrast with purely ecological models (May, 1973; Gross et al., 2009) , these evolutionary models tend to produce diverse and persistent communities (Caldarelli et al., 1998; Loeuille & Loreau, 2005; Loeuille, 2010) . These approaches are however still in their infancy (Loeuille & Loreau, 2009 ) and using phylogenetic information will help build more integrated macro-evolutionary models of network complexity.
(2) Analyzing the links between phylogeny and interaction networks
Using phylogenetic information can potentially bring novel insights on network organisation (Rezende, Jordano & Bascompte, 2007a) . Again this is done by examining how phylogenetic proximity relates to niche similarity between species, with niche similarity being defined here as shared interacting partners in the network. Phylogenetic signal in a network context has been looked for in two ways. First, by looking at the identity of interacting partners. In this case, the presence of a phylogenetic signal indicates that related species tend to interact with the same species. For example, two closely related plants are pollinated by the same pollinator assemblage. Second, by looking at the structural characteristics of species in the network. The presence of a phylogenetic signal indicates that two related species tend to Here, the structure of the network is partially linked with phylogeny: closely related species 7 and 8 interact with identical species and closely related species 1 and 2 interact, respectively, with species 5 and 6 which are also closely related. Such a correspondence between the two phylogenies can be investigated using the 'parfit' test (Legendre et al., 2002) .
exhibit the same structural characteristics. For example, two related plant species tend to have similar specialization or tend to belong to the same network compartment. A number of statistical techniques quantifying the relationship between phylogenetic and network structures are now available (Fig. 2 ). An early but rigorous method was developed to test for co-evolution in host-parasite bipartite networks, based on the so-called fourth-corner problem (Legendre, Galzin & HarmelinVivien, 1997; Legendre, Desdevises & Bazin, 2002) . This method looks at whether the phylogenies of the hosts and the parasites present similar branching topologies, which would indicate a parallel diversification history among hosts and consumers. More recent approaches do not necessarily test for co-evolution, but simply for a phylogenetic signal through different methods (Fig. 3) . For example, Ives & Godfray (2006) developed a test specifically designed to find a phylogenetic signal in bipartite networks based on a generalized least-square model. These studies generally focus on local interaction networks and they show that, indeed, phylogenetically similar species tend to interact with the same set of species and/or tend to occupy similar structural positions in the network (i.e. species having similar specialization or belonging to the same compartment). This has been shown in food webs (Cattin et al., 2004; Bersier & Kehrli, 2008) , in host-parasitoid networks (Ives & Godfray, 2006) , in frugivory and pollination networks (Rezende et al., 2007b) and plant-plant facilitation networks (Verdu & Valiente-Banuet, 2011 Fig. 3 . Interaction networks and phylogenetic signal. There are two main methods to assess phylogenetic signal in networks. (A) By relating phylogenetic similarity with the similarity the identity of interacting partners. Simple Mantel tests can be used to relate phylogenetic similarity with the similarity in interactions for species in the network. Similarity in interaction between two species is generally measured by the Jaccard index, calculated as the number of interaction partners shared by the pair of species divided by the pair's total number of interaction partners. This approach has been applied to both food webs (Cattin et al., 2004; Bersier & Kehrli, 2008) and mutualistic networks (but see Rezende et al., 2007b; Hommola et al., 2009) . Note however that one drawback of Mantel tests is their power (Legendre, 2000) . (B) By testing for a phylogenetic signal in species traits related to network structure such as species degree (species number of interaction partners). This indirect approach has been used by Rezende et al. (2007b) for species degree in mutualistic networks, and by Rezende et al. (2009) for species trophic level in the Caribbean marine food web. This can be achieved by classical tests like the Blomberg K-statistic (Blomberg et al., 2003) , or with phylogenetic regressions (PGLS), i.e. a generalized least-square regression incorporating the phylogeny in the correlation structure [e.g. with Brownian motion (Felsenstein, 1985) , Ornstein-Uhlenbeck process (Grafen, 1989 ), Pagel's lambda (Freckleton, Harvey & Pagel, 2002) , or Blomberg's ACDC model (Blomberg et al., 2003) ]. Note that contrary to the Mantel tests presented in (A), this approach uses only incomplete information of the structure of the interaction network.
The strength of this phylogenetic signal often seems, however, to depend on the role of the species in the networks, or on the group to which they belong. For instance, Bersier & Kehrli (2008) separated the taxonomic similarity of predators and prey in a local food web and found a stronger signal in the identity of the interacting partners when considering species in their role as prey. This indicates that related prey species tend to be consumed by the same predators but that related predators do not consume the same prey species as much as expected from their phylogenetic relatedness. Similarly, Ives & Godfray (2006) found that the signal in the identity of interacting partners of species was stronger for hosts than for parasitoids, while Rezende et al. (2007b) showed that in animal-plant mutualistic networks, the identity of interacting partners was strongly phylogenetically constrained for the frugivores and pollinators but not so much for the plants. Finally, in another study, Rezende et al. (2009) showed that, in a Caribbean marine food web, closely related species of bony fishes tend to belong to the same compartment (groups of species that interact mostly among themselves in networks) whereas closely related shark species were dispersed in different compartments. These studies all focus on relationships between the phylogeny of a given guild and the interactions that this guild establishes with other species. However, the phylogeny of these interacting partners can also bring valuable information. For example, pollinators appear to interact with plants that are less phylogeneticaly related than herbivores do (Fontaine, Thébault & Dajoz, 2009) .
All these studies suggest that the presence of a phylogenetic signal is common in local ecological interaction networks and that its strength often varies within networks. Although these results need further investigation, the concept that the phylogenetic signal can vary within a network is particularly interesting. It suggests asymmetries in the evolutionary forces that regulate diversification of interactions, or alternatively the presence of different constraints among compartments affecting local community assembly. Such intriguing results warrant more work to resolve better the roles of these various possibilities.
(3) Using phylogenetic signal to understand and predict interaction network properties A great deal of interest has been devoted to the importance of species traits, such as body size, morphology or phenology, in determining the structure of interaction networks (Brose et al., 2006; Stang, Klinkhamer & van der Meijden, 2006; Olesen et al., 2008; Petchey et al., 2008) . These determinants of network structure may themselves be partly determined by species evolutionary history, as is the case for body size (Blomberg et al., 2003) or for traits involved in seed dispersal (Rezende et al., 2007a) . Different methods have recently begun to combine phylogeny with various species traits to study food webs and host-parasitoid networks (Ives & Godfray, 2006; Rezende et al., 2009; Rohr et al., 2010) . Ives & Godfray (2006) found that neither host geographical range nor parasitoid feeding mode significantly affected hostparasitoid associations in the network they studied, and they did not identify any additional factors besides those linked with evolutionary history. By contrast, both Rezende et al. (2009) and Rohr et al. (2010) highlighted the combined importance of body size and phylogeny in determining the structure of the food webs. Specifically, Rohr et al. (2010) found that, across a sample of 12 food webs, the ratio of body size between prey and predator explained on average 20% of the interactions, and that the remaining information was linked with phylogeny. Incorporating phylogeny in studies of the structure of interaction networks thus appears to complement approaches based on species traits, possibly as a proxy for unmeasured traits that present a phylogenetic signal and that affect species interactions.
(4) Perspectives on network phylogenetics
The application of phylogenetic information to understand ecological network structure and functioning is recent, and fundamental research avenues remain unexplored. The current methods that quantify phylogenetic signal in the structure of ecological networks are very coarse; the next generation of methods will require accounting for the scale-dependence of the signal and for the distribution of interaction strength. Current methods quantify the phylogenetic signal for the overall network or by trophic level, but they cannot yet differentiate between distinct parts of the network. Improved methods are also needed to identify the particular types of interactions (trophic, parasitic or mutualistic) that are the most strongly related to evolutionary history. There is also a need to assess how the phylogenetic signal in interaction networks scales with space. Finally, another important issue is to disentangle the relative importance of phylogeny over other species traits (Nieberding, Jousselin & Desdevises, 2010) .
Given that network topology is linked to evolutionary history, phylogenetic information may also be used to predict novel interactions networks under network assembly. The identification of networks of interactions is a challenging task for empiricists and is subject to criticisms (e.g. Martinez et al., 1999) . Ives & Godfray (2006) proposed that phylogeny could be used to predict the location of species in an existing interaction network (i.e. which species would be its prey and predators) by comparing the phylogenetic position of this species with that of the species composing the existing interaction network. This perspective is particularly relevant to predict the structure of interactions of novel ecosystems that result from global changes (Lavergne et al., 2010) . For instance, species displacement associated with climate change is likely to create assemblages of species that never encountered each other before and thus that have never interacted previously.
IV. RELATIONSHIP BETWEEN PHYLOGENETIC DIVERSITY AND ECOSYSTEM FUNCTIONING
For two decades, much effort has been placed on understanding how the composition of communities influences ecosystem functioning (Loreau et al., 2001; Hooper et al., 2005 ; see Section VIII, glossary, for definition). Working hypotheses include that the more diverse communities, i.e. with more diverse pathways to acquire and to use resources, would be more robust to species invasion (Kennedy et al., 2002; Arenas et al., 2006; Gerhold et al., 2011) , more productive (Tilman, Wedin & Knops, 1996; Hector et al., 1999) , and more resilient to ecosystems change (Peterson, Allen & Holling, 1998; Bellwood, Hoey & Choat, 2003) . This prolific body of research (hereafter termed biodiversity and ecosystem functioning, BEF) is still trying to resolve the various mechanisms regulating the overall effects of diversity on ecosystem processes.
(1) Phylogenetic diversity as a proxy for ecosystem functioning?
The BEF relationship is likely to be strongly related to the distribution of traits of the species within species assemblages (Loreau et al., 2001; Hooper et al., 2005; Reiss et al., 2009) , including how they are classified into functional groups (Lavorel et al., 1997) based on particularly relevant niche traits. Such classifications are however difficult to define a priori since myriads of traits may be involved in the ecosystem function of interest, and we often ignore the question of which are the more important traits to begin with (Violle et al., 2007) . As in community assembly, a comprehensive trait-based approach would be difficult to conduct and would remain open to criticisms about unmeasured traits (Cadotte, Cardinale & Oakley, 2008 ). Thus it may be possible to use phylogenetic diversity (see Section VIII, glossary, for definition) as a proxy of unmeasured functional diversity for the purpose of assessing its connection to ecosystem functioning . As in community assembly, this assumes that phenotypic dissimilarity is correlated with evolutionary divergence time.
Pioneering work linking phylogenetic relatedness among species and ecosystem function was carried out by Maherali & Klironomos (2007) with experimental manipulation of mycorrhizal plant systems. They found that plant productivity is enhanced in communities with phylogeneticaly distantly related fungal species compared to closely related species. This result suggests, under the hypothesis of a strong phylogenetic signal of the traits considered, that the loss of an entire lineage could have strong negative ecological consequences since distinct lineages are likely to perform different functions.
Taking this reasoning one step further, Cadotte et al. (2008) explicitly compared the contribution of phylogenetic diversity, species richness and functional group richness to plant community productivity, and found that phylogenetic diversity was the best predictor of the three. Cadotte et al. (2009) also compared the contribution of seven different metrics of biodiversity, including phylogenetic diversity, to explain plant community productivity in the Cedar Creek experiment. Phylogenetic diversity explained, by itself, up to 41.5% of productivity and was ranked as the second best explanatory variable, following the presence of a nitrogen fixer. They concluded that phylogenetically diverse communities capture important functional diversity not reflected in the functional traits usually used in this kind of experiment (see also Flynn et al., 2011) . Along the same line of reasoning, Gerhold et al. (2011) showed that plant communities composed of species from phylogenetically distinct lineages were less likely to experience alien establishment (i.e. invasion) than communities consisting of closely related species.
The a posteriori analysis of Cadotte et al. (2008 Cadotte et al. ( , 2009 ) revealed a possibly ubiquitous relationship between phylogenetic diversity and productivity of plant communities, but it was limited by the strong co-variation between species richness and phylogenetic diversity. In an experiment with bacteria, Gravel and collaborators manipulated phylogenetic diversity and species richness independently (D. Gravel, T. Bell, C. Barbera, T. Pommier & N. Mouquet, in preparation). Combining experimental ecological and evolutionary mechanisms, they confirmed that productivity is indeed significantly related to species richness and phylogenetic diversity for their system, and that the latter is a much stronger predictor of ecosystem functioning. However, by evolving their bacterial lineages under different environments, they were able to randomize the distribution of traits across the phylogeny, breaking the relationship between phylogenetic diversity and ecosystem functioning. They concluded that it may be misleading to use phylogenetic structure to predict ecosystem functioning without good knowledge on the evolutionary forces and ecological constraints that shaped species assemblages and trait distributions.
(2) Perspectives: towards an ecosystem phylogenetics?
The study of 'ecosystem phylogenetics' is emerging and new experimental designs as well as appropriate statistical analyses are needed to disentangle the relative contributions of the different facets of biodiversity to ecosystem functioning. First, it would be important to understand how the relationship between phylogenetic diversity and ecosystem functioning scales with the range of phylogenetic patterns considered. There is currently no theory integrating the effects of taxonomic, functional and phylogenetic diversity on ecosystem functioning. The experimental studies conducted so far rely strongly on a marked phylogenetic signal, neglecting other patterns of trait distribution. Considering clustered, random or overdispersed distribution of species traits within the phylogeny is expected to impact the shape of the relationship between phylogenetic diversity and ecosystem functioning (illustrated in Fig. 4) . Given that the level of phylogenetic signal varies also with geographic scale (as discussed in Section II), we expect the strength and the shape of the relationship between phylogenetic diversity and ecosystem functioning to follow this pattern. New experimental designs will be required as the conceptual framework matures.
A second important aspect is how much information about the phylogenetic structure of communities (abundance, tree balance, etc.) is needed to predict ecosystem functioning. Until now, BEF studies on phylogenetic diversity have only used Faith's phylogenetic diversity (PD) index that relies solely on presence/absence data, in order to predict ecosystem functioning (Cadotte et al., 2008 . However, the distribution of abundance along the phylogenetic tree as well as the phylogenetic distinctiveness among species within the community may be crucial since species with longer evolutionary divergence times are more likely to have diverged in resource use (Schumacher & Roscher, 2009) . A more complete set of descriptors of phylogenetic relationships among species and community structure should thus be used depending on the question asked (Helmus et al., 2007; . proposed new and complementary descriptors of phylogenetic diversity in addition to Faith's PD: 'phylogenetic abundance evenness', the 'distribution of hierarchical imbalance of abundances' and 'abundance-weighted evolutionary distinctiveness'. With such metrics at hand, the question is no longer whether phylogenetic diversity promotes ecosystem functioning but rather which facet of phylogenetic diversity matters For each case we give the expected relationship between phylogenetic diversity (PD) or functional diversity (FD) and the level of ecosystem functioning (e.g. biomass production). If few relevant traits are considered in FD estimation but if all traits are highly conserved (A) we expect a positive relationship between PD and EF but no effect of FD on EF. If many traits are involved and if they are highly conserved (B) these two relationships should be positive. At the opposite, if few traits are involved and if all relevant traits are not conserved (C) we expect an absence of relationship between PD or FD and EF. Finally, if FD is estimated using many relevant traits that are weakly conserved (D), FD will explain EF while PD will not.
the most and what is the predictive power that we can reach using a complete view of the phylogenetic structure of communities. New experiments manipulating all components of phylogenetic diversity while keeping species richness constant are thus needed to unravel the pure effect of phylogenetic diversity and to estimate the predictive power of the complete phylogenetic structure of communities on ecosystem processes.
Once appropriate metrics are implemented, an important question is how much phylogenetic diversity influences BEF after removing the effect of functional diversity. Phylogenetic and functional diversity are interlaced, but each aspect of biodiversity contains information that needs to be partitioned better. We suggest using similar diversity metrics based on either phylogenetic or functional trees to disentangle their respective effects on ecosystem processes. The framework proposed by is a step in the right direction, but the question remains of whether phylogenetic diversity still matters after removing the effect of functional diversity. This could be tested with a model comparison approach. Novel statistical methods developed for traditional BEF studies conducted at the taxonomic level were recently used (Bell et al., 2009) to partition the relative contributions of species identity, interactions and community composition on ecosystem functioning (e.g. Gravel et al., 2011) . These methods might be adapted to understand the relative roles of the different facets of diversity.
Finally, future work should investigate thoroughly whether or not phylogenetic diversity is a more reliable (and general) predictor of ecosystem multifunctionality than functional diversity (as pioneered by Cadotte et al., 2009) . The choice of functional traits is critical to BEF studies, and especially for the investigation of the multifunctionality of ecosystems (Hector & Bagchi, 2007; Zavaleta et al., 2010) . As discussed above, phylogenetic diversity has already been shown to provide a potential integrated predictor of ecosystem functioning (Cadotte et al., 2008) . The next step is to explore whether by integrating numerous traits phylogenetic diversity might outperform functional diversity measures when it comes to multifunctionality. A promising avenue in this sense is the re-analysis of the multiple ecosystem processes of major BEF experiments, like the Cedar Creek long-term experiment (e.g. Zavaleta et al., 2010) or the BIODEPTH project (Hector et al., 1999; Spehn et al., 2005) .
V. VALUE OF PHYLOGENETICS IN CONSERVATION BIOLOGY (1) Taxonomy and systematics
For some time now, phylogenetics has contributed to the definition of conservation targets and has generated strategies for prioritizing conservation efforts (Faith, 1992; Purvis, Gittleman & Brooks, 2005) . The most immediate value of phylogenetics to conservation is its influence on the definition of species, and thus on taxonomy and systematics. Species are widely regarded as a fundamental unit of biodiversity (Gaston, 1996) , and their conservation is often the basis for national and international legislation (Isaac, Mallet & Mace, 2004) . Phylogenetic analyses based on species' genetic sequencing have become a crucial tool in taxonomy and systematics (Godfray, 2007) , accounting for the recent explosion in the numbers of recognized species in some regions and taxa (e.g. the near tripling in recognized South American amphibians since 1960, Rodrigues et al., 2010) . Through their influence on species identification, phylogenetic analyses also have a direct impact on the identification of priority areas for conservation, which are typically based on species as biodiversity units (e.g. Meegaskumbura et al., 2002) .
(2) Species prioritisation
Species are not all equivalent in terms of the amount of unique evolutionary history they represent, and that would be lost if they became extinct (Nee & May, 1997; 5 . The phylogenetic diversity (PD) of a set of species can be measured as the total branch length of the phylogenetic tree representing the evolutionary relationships among species. This hypothetical tree of eight species (represented by circles) has a total phylogenetic history of 26 million years. Black circles correspond to threatened species, and black branches represent the evolutionary history that would be lost if threatened species became extinct. In (A), the extinction risk is clumped in parts of the tree with long branches, corresponding to species that are evolutionarily distinctive, resulting in higher losses in phylogenetic history (lost PD = 9) than in (B), where extinction is phylogenetically random (lost PD = 4).
Gittleman & Purvis, 2003; Thuiller et al., 2011, see Fig. 5 ). This is the case for instance for the Tuataras (Sphenodon spp.), two species of iguana-like reptiles that are the sole living representatives of order Sphenodontia, the sister group to nearly 8,000 snakes and lizards in the order Squamata (May, 1990) . Understanding these relationships opened the door to conservation strategies that go beyond species and consider evolutionary history itself as the conservation target (Forest et al., 2007; Devictor et al., 2010; Thuiller et al., 2011) . Several metrics have been proposed to guide conservation priorities among species by quantifying their evolutionary uniqueness or distinctiveness (e.g. Vane-Wright, Humphries & Williams, 1991; Pavoine, Ollier & Dufour, 2005) and by combining evolutionary uniqueness with extinction risk (e.g. Redding & Mooers, 2006; Isaac et al., 2007; Faith, 2008) or with restricted range size, abundance and endemism .
(3) Going beyond biodiversity representation
Conservation biology strives to preserve all components of biodiversity, either because they are intrinsically valuable (the irreplaceable products of millions of years of evolutionary history), or as a precautionary approach to ecosystem management. Incorporating phylogenetic information into conservation strategies allows for this approach to go beyond simple species representation. Phylogenetics has been used to inform priority areas for conservation by considering phylogenetic diversity, a measure of the overall evolutionary history contained in a set of taxa (e.g. Faith, 1992; Rodrigues & Gaston, 2002; Forest et al., 2007; Devictor et al., 2010) , the expected future loss in phylogenetic diversity based on species probabilities of extinction in a given time frame (Faith, 2008; Thuiller et al., 2011) , and phylogenetic endemism, a measure that identifies areas where substantial amounts of phylogenetic diversity are concentrated (Rosauer et al., 2009; .
In addition conservation biology also strives to ensure the conservation of the ecological and evolutionary processes that generate and maintain biodiversity, and the goods and services that humans obtain from nature (MEA, 2005) . As such, there are some suggestions that targeting phylogenetic diversity in conservation may ultimately retain better ecosystem functioning (Section IV). Phylogenetic relationships also bear the mark of past evolutionary processes and may therefore help to guide priorities in the conservation of these processes in the future. It is still an open discussion whether these are best conserved by targeting the 'branches' of the phylogenetic tree (older lineages), its 'twigs' (new radiations, where new species have recently formed) or a combination of both (Fig. 6) . On the one hand, long branches have disproportionate amounts of phylogenetic diversity, the raw material of future evolution, whereas there is much redundancy in short branches. On the other hand, short branches correspond to recent radiations, and correspond perhaps to lineages of higher 'evolvability' or evolutionary potential (Erwin, 1991; Mace et al., 2003) , and such lineages may perhaps be most likely to cope with future environmental changes. Conservation of evolvability is an attempt to conserve key elements of evolutionary processes rather than the conservation of existing static patterns (Mace et al., 2003) and is central to evolutionary-based conservation strategies (Ferrière, Diekmann & Couvet, 2004) .
When combined with data on species distributions, phylogenies may therefore help distinguishing between 'museums' of diversity-regions concentrating old lineages, where diversity has been disproportionately able to persist-from 'cradles'-regions concentrating radiations, where diversity has been created recently, and where perhaps future speciations will be more likely (e.g. Chown & Gaston, 2000) . However, there is no solid evidence that future 'evolvability' can be deduced from the branching patterns in the phylogenetic tree (Krajewski, 1991) . Indeed, future evolutionary processes are not necessarily the same in a human-dominated world as in the past, and the fate of lineages will be determined by the fate of their species, which will in turn result from a complex combination of species-specific vulnerability traits (including population size, geographic range, genetic diversity, social behaviour, dispersal ability) that cannot directly be deduced from a phylogenetic tree (Krajewski, 1991) . Overall, while more research is needed on what drives 'evolvability', a precautionary approach would ensure the conservation of a maximum phylogenetic diversity per se in order to maintain as many options as possible for the future. This could be achieved by finding strategies that conserve both a maximum amount of phylogenetic diversity and the most evolutionarily distinct species (Pavoine et al., 2005; Erwin, 2008) , and by prioritizing regions with the highest expected loss in phylogenetic diversity in the near future based on species vulnerabilities to extinctions (Faith, 2008) . Assessing changes in the geographical distribution of phylogenetic diversity in response to environmental change will also be essential to understand these potential evolutionary consequences (Lavergne et al., 2010) .
(4) Perspectives: increasing the predictive power of ecology for conservation A key aspect of using phylogenetic information to inform conservation is that our understanding of basic ecological processes is insufficient. Thus, phylogenetic diagnostic tools can be used to identify important mechanisms driving community assembly (Section II), to identify key components of interaction networks (Section III) and to understand the relationships between diversity and function (Section IV). It could then be used to establish good management practices for protecting biodiversity in the face of global change.
For instance, phylogenetic information might help to improve predictions of species' extinction risk. Indeed, past extinctions have a strong phylogenetic signal (Nee & May, 1997; Purvis et al., 2000) , and it may be useful to use this to predict which clades are most at risk of future extinction (Purvis, 2008; Davies et al., 2011) , and in turn be useful in guiding future conservation priorities (Thuiller et al., 2011) . Understanding the contribution of phylogeny to the structure of interaction networks (Section III) should also help to predict the response of ecological networks to disturbances. For example, Rezende et al. (2007b) showed that the presence of a phylogenetic signal in mutualistic networks implies that extinction sequences are likely to be phylogenetically structured. If phylogenetically related species interact with a similar set of species, local extinction cascades are more likely to occur within phylogenetically related species too, thus putting entire clades in jeopardy in the community. The contribution of phylogenetics to the study of community ecology (Sections II and III) can therefore help to predict communities' response and susceptibility to changes in composition, for example through the addition of particular species (e.g. in biological invasions), as well as to assess the reliability of the model used to forecast the geographical distribution of species responses to global change (Lavergne et al., 2010) .
VI. CONCLUSIONS
(1) Despite the fact that both changes in genotype frequencies (evolution) and species abundances (ecology) arise by interactions between individuals and the environment (Fussmann et al., 2007) , evolutionary and ecological processes have been largely studied in isolation from each other. Ecophylogenetics is rapidly becoming a key concept that lies at the crossroads of ecology, biogeography and macroevolution in ways that extend beyond the simple use of phylogenetic information in community ecology as begun almost ten years ago (Webb et al., 2002) . This new and fast-growing field is promoting the incorporation of evolution and historical contingencies into the ecological research agenda through the widespread use of phylogenetic data. In its short history, it has already had important impacts on a wide variety of fields by providing a fertile ground to reconcile evolutionary, ecological and functional approaches into a more integrative ecology.
(2) Ecophylogenetics brings together biologists interested in community and ecosystem ecology, evolution, phylogeny, biogeography and conservation biology. This offers an opportunity for creating 'an atmosphere of creativity that embraces the merging of disciplines, the application of novel tools and independence from established paradigms', as proposed by Whitham et al. (2006, p. 519) in their research program establishing the basis for a new framework for community and ecosystem genetics.
(3) Ecophylogenetics has advanced our understanding of how evolutionary history contributes to shape extant species distributions. We have outlined some of the areas where significant advances have been made recently, illustrated caveats, and proposed future research directions. Particularly important are the design of appropriate null models against which phylogenetic structure can be compared, and the incorporation of different spatial and temporal scales of community organisation.
(4) Ecophylogenetics started with an approach based on a phylogeny-as-proxy paradigm and greatly simplified its implications by focusing on clustering versus overdispersion patterns. Multiscale and multidimensional analyses of variation in niche and trait evolution should be made on the basis of hierarchical models and statistics. This partitioning will help gain an understanding about complex aspects of the evolutionary context of community structure that can go far beyond the competition versus environmental filter dualism that phylogenetic community ecology began with.
(5) Ecophylogenetics has improved our understanding of ecological network complexity. A strong phylogenetic signal between network constituents has revealed how much evolutionary history is important in shaping these complex interactive systems, as well as their properties (complexity, stability, functioning). Early results suggest that the strength of the phylogenetic signal varies among networks, implying that the degree of evolutionary binding will depend on the type of interaction considered (trophic, parasitism or mutualism). Although this is a promising avenue for future Biological Reviews (2012) 000-000 © 2012 CNRS. Biological Reviews © 2012 Cambridge Philosophical Society research, a strong effort is now needed to assemble the data required to study this new area fully.
(6) Ecophylogenetics may also help ecology to become a more predictive science in fields such as ecosystem science and conservation biology (Belovsky et al., 2004) . For instance, by linking the distribution of species traits within a phylogeny to ecosystem functioning (Cadotte et al., 2008) or by improving conservation strategies and the reliability of the model used to forecast the geographical distribution of a species response to global change (Lavergne et al., 2010) . Major challenges in this field will be to produce a theory integrating the effect of taxonomic, functional and phylogenetic diversity to ecosystem functioning, to adapt the phylogenetic perspective to the concept of multifunctionality, and to translate the phylogenetic approaches of conservation biology into tools that can be easily implemented by managers.
(7) One of the main challenges of ecophylogenetics remains conceptual. Whereas phylogenetic distance has been proposed as a proxy for niche similarity, phylogenetic community structure also sheds light on the underlying evolutionary and biogeographical processes (Leibold et al., 2010) . These two complementary views highlight the fact that macroevolutionary history constrains community assembly, which itself constrains diversification (Hutchinson, 1965; Johnson & Stinchcombe, 2007) . What ecophylogenetics has achieved best is to stress how much a consistent theoretical framework is still lacking [despite some work in the right direction (Vellend, 2010) ], ranging from local coexistence to macroevolution and ecosystem functioning in order to interpret efficiently observed phylogenetic and ecological patterns, and to implement tools of applied relevance in conservation biology.
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VIII. GLOSSARY
Community assembly rules: processes by which a community acquires its structure and composition. Includes competition, dispersal, environmental filtering (i.e. species sorting along environmental gradients) and colonization events.
Community phylogenetic structure: patterns of species relatedness within and among communities that are significantly different from what would be expected in a random assembly of species. In general, it refers to phylogenetic overdispersion (or phylogenetic clustering): when individuals in a community are more (or less) distantly related to each other than expected from a random draw of same size from the regional pool of species.
Ecological similarity: the degree to which any two species resemble each other in the way they use the environment, in the identity of the species they interact with, in their ecological traits, or in the types of environment that they occupy. Similarity is usually measured as the inverse or the complement of dissimilarity, which can be calculated as a multi-dimensional distance between species from a trait or an environmental matrix that characterizes each species.
Ecosystem functioning: the collective organization of the biotic community through intraspecific and interspecific interactions, and through abiotic interactions with the environment, which is at the basis of primary and secondary productivity, nutrient cycling, soil development, water budgeting, and other ecosystem function. In biodiversity experiments, ecosystem functioning is often measured as the productivity or biomass of plants.
Evolutionary convergence: a situation where two contemporaneous species are more similar than were their respective ancestors at a given time in the past. Evolutionary convergence can occur in very distant lineages undergoing common selective pressures. For instance, similar strategies of carnivorous plants appeared independently in distant lineages of angiosperms (e.g. orders Caryophyllales and Ericales), in stressful, nutrient-poor environments.
Interaction networks: a description of interaction links between species found in a community. The links can be any interaction type, such as competition, predation, mutualism, etc. An interaction network is usually characterized through different measures including for instance the average number of links per species (complexity), the nestedness in species interactions and the modularity (network structural heterogeneity).
Null model: a hypothesis made in the absence of the mechanism that one wishes to test in order to draw statistically meaningful comparisons (Gotelli & Graves, 1996) . A null model is always 'null' with respect to something. For example, there is a long history of null models in community ecology to test for the significance of competition in structuring ecological communities. Species can be shuffled randomly across sites, conserving the total number of occurrences of each species but changing the total number of species for each site; alternatively, occurrences can be shuffled randomly within sites keeping the species richness constant in each site but changing the total number of occurrences for each species. The choice of an adequate null model to test a particular null hypothesis is very delicate and, ideally, should be validated using simulated datasets.
Phylogenetic conservatism: in a wide sense it is the 'tendency of species to retain ancestral ecological characteristics' (Wiens & Graham, 2005; Wiens et al., 2010) . It can be due to strong stabilizing selection, lack of additive genetic variation for niche-related traits, phenotypic constraints due to pleiotropy (when a single gene influences multiple phenotypic traits) and gene flow hampering local adaptation in ecologically marginal populations. If this also applies for complex syndromes, then niche-related traits should evolve more slowly than neutral expectations based on estimated species divergence times. Ecological studies usually refer to niche conservatism to describe conservatism of traits strictly related to the environment where they live, and to trait conservatism to describe conservatism on characteristics such as life-history traits or any other species characteristics. This term has been used in very different ways in the literature of phylogenetic community ecology, leading to a debate on how it should be measured.
Phylogenetic diversity: the amount of evolutionary history represented in the species of a particular community (Faith, 1992) . Commonly used measures of phylogenetic diversity are the total branch length of a phylogenetic tree that contains all species present in a community, or the sum of pairwise distances between species weighted by their relative abundances. See for a framework of phylogenetic diversity indices.
Phylogenetic signal: a statistical pattern whereby related species tend to resemble each other more than species taken at random from a phylogeny (Blomberg & Garland, 2002; Losos, 2008) . A phylogenetic signal can be compared to two scenarios: (i) the absence of signal (i.e. no association between phenotypic or niche similarity and phylogenetic relatedness) or (ii) the signal expected under a Brownian motion model in which evolution occurs by small changes, which are random in direction at each interval. Testing for a phylogenetic signal is usually performed through a randomization of species among the tips of the phylogeny. Blomberg et al. (2003) 's K index became popular as a quantitative means of testing whether traits are more or less similar between closely related species than expected under Brownian motion (which corresponds to K = 1). Data on communities (i.e. the co-occurrence of species in different sites) is not needed in order to look for phylogenetic signals among a group of species; only lists of species and traits are required. In a network context, phylogenetic signal quantifies the extent to which closely related species tend to share a similar position in the network and/or interact with similar species.
